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(57) ABSTRACT

A coating apparatus includes (1) a robot including at least
onc movable portion, at least one motor for driving the
movable portion, and at least one pressurized chamber in
which the motor for driving the movable portion 1s disposed;
and (2) a coating device including a coating gun, a paint feed

pump and a motor for driving the paint feed pump, the
coating device being mounted to the robot. The motor for
driving the paint feed pump 1s disposed 1n the pressurized

chamber.
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COATING APPARATUS AND A METHOD OF
ASSEMBLING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to coating apparatus and a
method of assembling the same.

2. Description of Related Art

A conventional robot for use 1n a coating apparatus, as
illustrated 1n FIG. 4, generally includes a swivel base 40, a
first vertical arm 41 extending from the swivel base 40, a
second arm 42 extending from the first arm 41 1 a hori-
zontal direction, and a wrist portion 43 which 1s coupled to
a tip of the second arm 42 and 1s capable of holding the
coating gun. The swivel base 40, the first arm 41, the second
arm 42 and the wrist portion 43 are movable and are driven
by independent motors. Since the coating apparatus 1s oper-
ated 1 an explosion-proof area, each motor 1s disposed 1n a
pressurized chamber provided in the robot. The pressurized
chamber 1s filled with high pressure air, which prevents air
mixed with a thinner from entering the pressurized chamber
from the outside.

Further, as 1llustrated 1n FIG. 4, since the robot 1s used for
coating, a coating device including a color change valve
assembly 45, a paint feed pump 46, a trigeer/dump valve 47
are mounted to an outside surface of the robot via a bracket
44. A pressure-proof (explosion-proof) motor is used for
driving the electrically-operated paint feed pump 46.

However, the pressure-proof motor 1s relatively large in
size for 1ts motor capacity. As a result, the robot 1s neces-
sarily large-sized, which may cause interference between the
robot and a workpiece.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a coating
apparatus which 1s not large-sized even though accommo-
dated with an explosion-proof means and a method of
assembling the same.

The above object can be achieved by the present
mvention, as follows.

A coating apparatus includes (a) a robot including a base,
at least one movable portion, at least one motor for driving
the movable portion, and at least one pressurized chamber 1n
which the motor for driving the movable portion 1s disposed,
and (b) a coating device including a coating gun, a paint feed
pump, and a motor for driving the paint feed pump, the
coating device being mounted to the robot. The motor for
driving the paint feed pump 1s disposed 1n the pressurized
chamber.

The at least one movable portion includes a swivel base
mounted on the base, an arm portion provided with the
pressurized chamber, and a wrist portion which 1s coupled to
a t1p of said arm portion and 1s capable of holding the coating
oun. The coating gun 1s coupled to the wrist portion, the
paint feed pump 1s mounted to the arm portion, and the
motor for driving the paint feed pump 1s disposed 1n the
pressurized chamber provided 1 the arm portion.

The arm portion includes a first arm extending from the
swivel base mounted on the base and a second arm coupled
to an upper end of the first arm, the second arm being
provided with the pressurized chamber and having a tip to
which the wrist portion 1s coupled. The motor for driving the
paint feed pump 1s mounted to the second arm, and the motor
for driving the paint feed pump and a motor for driving the
wrist portion are disposed 1n the pressurized chamber pro-
vided 1n the second arm.
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A method of assembling the coating apparatus includes a
step of disposing the motor for driving the wrist portion and
the motor for driving the paint feed pump within the
pressurized chamber when said robot 1s assembled.

In the method, the coating device except the coating gun
1s mounted to the robot when said robot 1s assembled, and
then the coating gun 1s coupled to the wrist portion to be

assembled 1nto the coating apparatus.

In the aforementioned coating apparatus and the assembly
method, since the motor for driving the paint feed pump 1s
disposed 1n the pressurized chamber provided in the robot,
the motor 1s a pressurized motor which 1s explosion-proof.
As a result, the motor 1s compact as compared with a
conventional pressure-proof motor.

Further, in the aforementioned assembly method, since
the motor for driving the paint feed pump, together with the
motor for driving the wrist portion, 1s disposed 1n the
pressurized chamber provided 1n the second arm of the robot
at the time of assembling the robot, the motor for driving the
paint feed pump 1s a pressurized motor like the motor for
driving the wrist portion. As a result, assembling the coating
apparatus can be performed effectively, as compared with a
conventional method where the pressure-proof motor for
driving a paint feed pump 1s mounted to an outside surface
of a robot.

Furthermore, in the aforementioned assembly method,
since the coating device except the coating gun 1s mounted
to the robot at the same time during assembly, the coating
apparatus except the coating gun can be assembled 1n a
single step thereby improving productivity, as compared
with a conventional method where a robot and a coating
device are assembled separately.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present
invention will become more apparent and will more readily
be appreciated by the following detailed description of the
preferred embodiments 1llustrated by the accompanying
drawings, in which:

FIG. 1 1s a cross-sectional view of a second arm of a

coating apparatus according to an embodiment of the present
mvention;

FIG. 2 1s a side view of the coating apparatus according,
to the embodiment of the present imvention;

FIG. 3 1s a general block diagram 1illustrating of a control
system for the coating apparatus according to the embodi-
ment of the present mnvention: and

FIG. 4 1s a side view of a conventional coating apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A coating apparatus according to an embodiment of the
present mvention will be explained with reference to FIGS.
1-3.

The coating apparatus 1 includes a robot 10 and a coating,
device 20 mounted to the robot 10. The robot 10 includes
movable portions 12—-15, motors 12m—135m,, for driving the
movable portions and a pressurized chamber 16 1n which the
motors 12m—15m., are disposed. The coating device 20
includes a coating gun 21, a paint feed pump 22a and a
motor 22b for driving the paint feed pump 22a. In the
coating apparatus 1, the motor 22b for driving the paint feed
pump 1s disposed 1n the pressurized chamber 16 of the robot

10.

The robot 10 includes a swivel base 12 mounted on a base
11, arm portions 13, 14 extending from the swivel base 12,
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and a wrist portion 15 which 1s coupled to a tip of the arm
portions 13, 14 and 1s capable of holding a coating gun 21.
The swivel base 12, the arm portions 13, 14, and the wrist
portion 15 constitute movable portions.

The arm portions include a first arm 13 extending
upwardly from the swivel base 12, and a second arm 14
coupled to the first arm 13. The second arm 14 extends 1n a
direction perpendicular to the first arm 13. The first arm 13
and the second arm 14 include spaces therein, respectively.

An upper wall (an upper cover) 14a located in an axially
central portion of the second arm 14 protrudes radially from
outside walls of a front end portion and a rear end portion of
the second arm 14, so that the space 1n the central portion 1s
relatively large. The upper cover 14a 1s removable from the
central portion. An inner plate 17 1s disposed 1n the space 1n
the central portion so as to partition the space into two
chambers, 1.., an upper chamber and a lower chamber.

The wrist portion 15 1s coupled to the tip of the second
arm 14, and the coating gun, such as a rotary atomizing
coating gun and a rotary atomizing electrostatic coating gun,
can be connected and disconnected to the wrist portion 185.

In a case where the robot 10 1s a multi-axis robot, for
example, a s1x-axis robot, the swivel base 12 1s rotated about
an axis A by a motor 12m for driving the swivel base. The
first arm 13 1s oscillated about an axis B by a motor 13 for
driving the first arm. The second arm 14 1s oscillated about
an axis C by a motor 14m for driving the second arm. The
wrist portion 15 1s rotated about axes D, E and F by
respective motors 151, 15m, and 15m for driving the wrist
portion.

Each motor 12m, 13m, 14m, 15m,, 15m, and 15m, 1s
arranged 1n the pressurized chamber 16 provided 1n the robot
10. The pressurized chambers 16 1s partitioned from the
remaining portions by a partition wall. The motor 12 for
driving the swivel base 1s provided to the partition wall
defining a pressurized chamber 16a 1n the swivel base 12,
and 1s disposed 1n the pressurized chamber 16a. The motor
13m for driving the first arm 1s provided to the partition wall
defining a pressurized chamber 165 1n a lower end portion
of the first arm 13, and 1s disposed in the pressurized
chamber 165. The motor 14 for driving the second arm 1s
provided to the partition wall defining a pressurized chamber
16¢ 1n an upper end portion of the first arm 13, and 1s
disposed 1n the pressurized chamber 16¢. The motors 15m:,,
15m, and 15m, are provided to a partition wall defining a
pressurized chamber 16d 1n the rear end portion of the
second arm 14, and are disposed 1n the pressurized chamber
16d 1n parallel to each other.

The respective pressurized chambers 16a, 165, 16¢ and
16d are supplied with air having a pressure higher than an
atmospheric pressure, for example about 3Pa, through an air
supply hose (not shown) so as to prevent inflammable gas
and explosive gas from entering the pressurized chamber.
Gas supplied to the pressurized chamber may not be
exhausted. Alternatively, gas supplied into the pressurized
chamber may be exhausted through an exhaust hose com-
municating with the pressurized chamber. In that case, the
flow of supply and exhaust air 1s adjusted to a predetermined
value.

The respective motors 12m, 13m, 14m, 15m,, 15m. and

15m., are controlled and driven by a robot control panel 30,
as shown 1n FIG. 3. Servo drivers 32, 33, 34, 35a, 35b, 35¢

for driving the respective motors 12m, 13m, 14m, 15m,
15m, and 15m, and a robot control CPU (Central Process-
ing Unit) 37 are housed in the robot control panel 30. The
robot control CPU 37 processes input data 36 and 1ssues
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4

operation instructions (digital signals) to the servo drivers
32, 33, 34, 35a, 36b and 35c.

The coating device 20 mounted to the robot 10 includes
a coating gun 21, and a paint feed pump assembly 22 which
includes a paint feed pump 22a and the motor 22b for
driving the paint feed pump. The coating device 20 further
includes a trigger/dump valve 23, a color change valve
assembly 24, and a paint feed hose 25.

The coating gun 21 includes a paint nozzle 21a which can
communicate with the paint feed hose 25 disposed 1n the

robot 10.

The paint feed pump 22a 1s driven by the motor 225 so
that the paint feed pump assembly 22 feeds a constant
quantity of paint. The motor 225 for driving the paint feed
pump 1s driven by a servo driver 39 housed in the robot
control panel 30. A flushable gear pump (FGP), which can
be self-cleaned, may be used as the paint feed pump 22a.

The trigger/dump valve 23 includes a trigger valve which
permits a paint and the like to flow into a paint hose
communicating with the coating gun 21 and a dump valve
which permits the paint and the like to flow 1nto a recycling
path.

The color change valve assembly 24 includes a plurality
of paint valves for switching ON/OFF of paint supply from
respective paint paths extending from paint tanks (not
shown) corresponding to paint colors to be coated, a thinner
valve for switching ON/OFF of thinner supply, and an air
valve for switching ON/OFF of air supply.

The paint feed hose 25 extends from the color change
valve assembly 24 and feeds paint to the coating gun 21. The
paint feed hose 24 1s provided with a FGP 22a and the

trigger/dump valve 23 in its intermediate portion.

The color change valve assembly 24, the FGP 224 and the
trigger/dump valve 23 are arranged in the second arm 14 of
the arm portions. However, 1t 1s to be understood that this 1s
not the only arrangement possible. Preferably, the color
change valve assembly 24, the FGP 224 and the trigger/
dump valve 23 are arranged 1n that order from upstream 1in
a flow direction of paint. The paint feed hose 25 1s disposed
between the color change valve assembly 24 and the FGP

22a, and between the FGP 224 and the trigger/dump valve
23.

Although the color change valve assembly 24, the FGP
22a, the trigger/dump valve 23 and the paint feed hose 25
may be mounted outside the second arm 14, it 1s preferable
that, as illustrated 1n FIG. 1, they are disposed within the
second arm 14 utilizing the space 1 the second arm 14. Due
to this structure, paint mist 1s prevented from adhering to the
coating device 20 during coating. In a case where the 1nner
plate 17 1s disposed 1n the second arm 14, the color change
valve assembly 24, the FGP 22a and the trigger/dump valve
23 may be disposed on an upper surface of the inner plate 17.
Preferably, the color change valve assembly 24, the FGP 22a
and the trigger/dump valve 23 are arranged parallel to each
other 1n the axial direction.

The motor 225 for driving the FGP 1s disposed 1n the
pressurized chamber 16 provided in the robot 10. In the
embodiment of the present invention, the motor 22b for
driving the FGP 1s provided to the partition wall of the
pressurized chamber 164 which has previously been formed
in the rear end portion of the second arm 14 for arrangement
of the motors 15m,, 15m, and 15m, for driving the wrist
portion, and 1s disposed in the pressurized chamber 16d,
together with the motors 15m,, 15m, and 15m, for driving
the wrist portion. The motors 15m,, 15m, and 15m., for
driving the wrist portion are disposed 1n a lower portion of
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the pressurized chamber 164, and the motor 22b for driving
the FGP 1s disposed 1n an upper portion of the pressurized

chamber 16d.

The motor 225 for driving the FGP 1s controlled by the
servo driver 39 housed 1n the robot control panel 30. A paint
discharge level according to computer program 1s compared
with a value on a paint discharge data table 38 and the
instructions (digital signals) are fed to the servo driver 39.
The discharge data table 38 determines paint discharge
quantity according to a color to be coated and the paint
discharge level.

Three power shafts 18 connected to the motors 15m,,
15m., and 15m, for driving the wrist portion and transmitting
power to the wrist portion 15 are disposed 1n the space 1n the
second arm 14.

In a case where the 1nner plate 17 1s disposed 1nside the
second arm 14, and the color change valve assembly 24, the
paint feed pump 22a and the trigeger/dump valve 23 are
disposed 1n the upper chamber located 1n an upper side of the
inner plate 17, the power shafts 18 are disposed 1n the lower
chamber located 1n a lower side of the mnner plate 17.

A power shalt 26 coupled to the motor 22b for driving the
FGP and transmitting power to the FGP 22a 1s disposed 1n
the space 1n the second arm 14. In a case where the 1nner
plate 17 1s disposed 1nside the second arm 14 and the coating,
device 20 1s disposed in the upper chamber located in the
upper side of the inner plate 17, the power shaft 26 1s
disposed 1n the lower chamber located 1n the lower side of
the inner plate 17 at a position where the power shaft 26 does
not interfere with the power shafts 18, for example, at a
position located above the power shaft 18. A front portion of
the power shaft 26 1s supported by a bearing 27. A tip of the
power shaft 26 1s constructed of, for example, a bevel gear
28, through which power 1s transmitted to the FGP 22a
located above the power shaft 26. Transmission of power
from the motor 22b to the FGP 22a 1s not limited to the
above-described means and may be performed by a flexible

shaft.

Next, a case where coating 1s conducted using the afore-
mentioned coating apparatus 1 will be explained.

In the case where coating 1s conducted using the coating,
apparatus 1, a robot locus, a robot speed and a paint
discharge corresponding to a configuration of a workpiece
are optionally fed to the robot control CPU 37 housed 1n the
robot control panel 30. Then, operation instructions are fed
from the robot control CPU 37 to the respective servo
drivers 32, 33, 34, 35a, 35b and 35c for driving the respec-
tive motors 12m, 13m, 14m, 15m,, 15m, and 15m, for
driving the respective movable portions 12, 13, 14 and 15.
Also, operation instructions are fed from the robot control
CPU 37 to the servo driver 39 for driving the motor 22b via
the discharge data table 38. This causes any movable portion
of the movable portions 12, 13, 14 and 15 receiving opera-
fion instructions to be driven. Further, by driving the motor
22b for driving the FGP 22a to supply a predetermined
amount of paint, paint 1s caused to flow 1nto the paint hose
25 toward the coating gun 21, so that the predetermined
amount of paint 1s discharged from the coating gun 21 which
1s moved to a desired position relative to a workpiece and
coating 1s thus conducted. When the FGP 224 1s driven, the
color change valve of the color change valve assembly 24
corresponding to a desired color 1s turned ON and the dump
valve of the trigger/dump valve 23 1s turned OFF.

When the paint color 1s to be changed, the thinner valve
and the air valve 1s alternately switched ON, which allows
thinner and air to flow 1nto the paint feed hose 25 and the
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FGP 22a, respectively, so as to clean them. When the dump
valve of the trigger/dump valve 23 1s turned ON, the paint
and the thinner flowing from an upstream direction flow 1nto
the recycling path.

In the coating apparatus 1, since the motor 22b for driving
the FGP, which 1s a pressurized motor, 1s disposed in the
pressurized chamber 16, the motor 225 for driving the FGP
1s compact as compared with the conventional FGP of a
pressure-prool motor. As a result, the coating apparatus can
be compact.

Further, since the pressurized motor 1s lighter in weight
than the pressure-proof motor, the coating apparatus 1 is
lightened, so that the capacity of each motor for driving the
respective movable portions of the robot can be reduced.

In a case where the color change valve assembly 24, the
FGP 22a and the trigger/dump valve 23 are disposed 1n the
arm portion, paint mist 1s prevented from adhering to the
color change valve assembly 24, the FGP 22a and the
trigger/dump valve 23; thereby preventmg coating defects
caused when the adheswe paint mist 1s dropped on the
workpiece. Even 1f the paint mist adheres to the arm portion,
since a surface of the arm portion does not have a compli-
cated configuration as compared with the case where the
coating device 1s mounted outside the robot, cleaning 1s easy,
and the adhesive paint mist can be removed easily.

Further, in a case where the color change valve assembly
24, the FGP 22a and the trigger/dump valve 23 are arranged
in that order from upstream 1n a flow direction of paint so as
to be spaced from each other over a relatively short distance,
the paint feed hose 25 extending from the color change valve
assembly 24 to the coating gun 21 coupled to the tip of the
wrist portion 15 1s shortened, so that the amount of paint to
be dumped can be reduced when the paint color 1s changed.
In a case where the color change valve assembly 24, the FGP
224 and the trigger/dump valve 23 are arranged on the same
plane 1n that order from upstream in a flow direction of paint,
the amount of paint to be dumped can be further reduced.

Furthermore, the servo driver 39 driving the motor for
driving the pamnt feed pump 1s housed 1n the robot control
panel 30, so that the servo driver 39 is controlled by digital
signals. As a result, the control system 1s more simplified
than a coating apparatus provided with the conventional
paint feed pump 1n which the servo driver for the motor
driving the paint feed pump 1s not housed in the robot
control panel and a digital to analog conversion device 1s
necessary.

Next, a method of assembling the coating apparatus of the
present invention will be explained.

Generally, 1n a case where the coating apparatus includes
a s1x-axis robot, the base 11, the swivel base 12, the first arm
13, the second arm 14 and the wrist portion 15 are assembled
into the robot 10. In the embodiment of the present
imnvention, when the robot 10 1s assembled, the motor 225 for
driving the FGP 1s provided to the partition wall of the
pressurized chamber 164 which has previously been formed
for arrangement of the motors 15m,, 15m, and 15m; for
driving the wrist portion, and 1s disposed 1n the pressurized
chamber 16d together with the motors 15, 15m., and 15m.,
for driving the wrist portion.

Then, the color change valve assembly 24, the FGP 22a,
the trigger/dump valve 23 and a paint feed hose 25 are
provided to the second arm 14. In a case where the color
change valve assembly 24, the FGP 224 and the trigger/
dump valve 23 are disposed 1n the second arm 14, the inner
plate 17 1s disposed 1n a state that an upper cover 14a of the
second arm 14 1s demounted and the upper cover 144 1s then
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mounted to the second arm 14. Thus. the second arm 14
mounted with the coating device except the coating gun 1s
obtained.

Since the coating device 20 except the coating gun 21 1s
mounted to the robot 10 at the time of assembling the robot
10, the coating apparatus 1 in a state that the coating gun 21
1s not coupled thereto 1s assembled by a robot maker. Then,
the coating apparatus 1 1n that state 1s sent to a user of the
coating apparatus, by whom an optional coating gun 21 1is
coupled thereto, so that the coating apparatus 1s practically
usable. Therefore, the method of the present invention
provides a simple method for assembling the coating
apparatus, as compared with a conventional assembly
method including a plurality of steps where only a robot 1s
assembled by a robot maker, and coating device 1s then
mounted to the robot by a coating device maker to be
assembled 1nto a coating apparatus. Accordingly, assem-
bling the coating apparatus can be performed effectively, and
the productivity 1s improved.

According to the present invention, the following techni-
cal advantages are obtained.

First, since the motor for driving the paint feed pump 1s
disposed 1n the pressurized chamber, a pressurized motor
can be used. As a result, the motor 1s compact as compared
with the conventional pressure-proof motor, which enables
the coating apparatus to be compact.

Second, since the motor for driving the paint feed pump
1s disposed in the pressurized chamber together with the
motor for driving the wrist portion at the time of assembling
the robot, assembling the coating apparatus can be per-
formed effectively, as compared with the conventional
method where the pressure-proof motor for driving the paint
feed pump 1s mounted outside the robot.

Finally, since the coating device except the coating gun 1s
mounted to the robot at the same time of assembling the
robot, the coating apparatus except the coating gun can be
assembled at a single step thereby improving the
productivity, as compared with the conventional method
where the robot and the coating device are assembled
separately.

Although the present invention has been described with
reference to specific exemplary embodiments, 1t will be
appreciated in the art that various modifications and alter-
ations can be made to the particular embodiments shown,
without materially departing from the novel teachings and
advantages of the present invention. Accordingly, it 1s to be
understood that all such modifications and alterations are
included within the spirit and scope of the present invention
as defined by the following claims.

What 1s claimed 1s:

1. A coating apparatus comprising;:

a robot including a base, at least one movable portion, at
least one motor for driving said at least one movable
portion, and at least one pressurized chamber provided
within an interior of said at least one movable portion,
said at least one motor for driving said at least one
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movable portion being disposed within said at least one
pressurized chamber; and

a coating device including a coating gun, a paint feed
pump, and a motor for driving said paint feed pump,
said coating device being mounted to said robot;

wherein said motor for driving said paint feed pump 1is

disposed 1n said at least one pressurized chamber.

2. A coating apparatus according to claim 1, wherein said
at least one movable portion 1includes a swivel base mounted
on said base, an arm portion provided with said at least one
pressurized chamber and having a tip, and a wrist portion
which 1s coupled to the tip of said arm portion and 1s capable
of holding said coating gun,

wherein said coating gun 1s coupled to said wrist portion,
said paint feed pump 1s mounted to said arm portion,
and said motor for driving said paint feed pump 1s
disposed 1n said at least one pressurized chamber
provided in said arm portion.

3. A coating apparatus according to claim 2, wherein said
arm portion 1ncludes a first arm extending from said swivel
base mounted on said base and having an upper end, and a
second arm coupled to the upper end of said first arm, said
second arm being provided with said at least one pressurized
chamber and having a tip to which said wrist portion 1is
coupled,

wherein said motor for driving said paint feed pump 1is
mounted to said second arm, and said motor for driving
said paint feed pump and a motor for driving said wrist
portion are disposed 1n said at least one pressurized
chamber provided in said second arm.

4. A method of assembling a coating apparatus which
includes (1) a robot having a base, a swivel base mounted on
said base, a first arm extending from said swivel base, a
second arm having a pressurized chamber within an interior
thereof and said second arm being coupled to said first arm,
and the wrist portion coupled to a tip of said second arm, and
(2) a coating device including a coating gun, a paint feed
pump, and a motor for driving said paint feed pump, said
coating device being mounted to two said robot, said method
comprising:

disposing a motor for driving said wrist portion and said

motor for driving said paint feed pump within said
pressurized chamber, when said robot 1s assembled.

5. A method of assembling a coating apparatus according
to claim 4, further comprising;:

mounting said coating device except said coating gun to
said robot when said robot 1s assembled; and

coupling said coating gun to said wrist portion to be

assembled 1nto said coating apparatus.

6. A coating apparatus according to claim 3, wherein said
paint feed pump of said coating device 1s mounted outside
said second arm.

7. A coating apparatus according to claim 3, wherein said
paint feed pump 1s provided in said second arm.
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